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ABSTRACT 
Both t h e  r e l a t i v e l y  small Explorer  and the  l a rge  Orb i t ing  Observatory 
c l a s s e s  of s c i e n t i f i c  s a t e l l i t e  have advantages which need t o  be considered 
c a r e f u l l y  when a new space experiment is t o  be performed. The small 
s a t e l l i t e  o f f e r s  g r e a t e r  choice i n  t a i l o r i n g  t h e  o r b i t  t o  the  experiments. 
The o r b i t a l ,  o r i e n t a t i o n ,  te lemet ry ,  and gpera t iona l  needs of a p a r t i c u l a r  
experiment a r e  not  u sua l ly  compromised t o  as l a rge  an ex ten t  because fewer 
experiments are involved. The smaller s i z e  s i m p l i f i e s  t he  e l e c t r i c a l ,  
magnetic, and r ad ia t ed  in t e r f e rence  problem, s i n c e  fewer opera t ing  com- 
ponents a r e  involved. It provides  g rea t e r  ease i n  t e s t i n g  and schedul ing,  
and permits  a s h o r t e r  pre-launch lead time. 
The l a r g e r  observatory permits the conduct of more complex o r  
l a r g e r  numbers of r e l a t e d  experiments f o r  t he  more d e t a i l e d  s tudy of t he  
co - re l a t ionsh ips  between the  numeraus space phenomena. Since i t  i s  less 
h ighly  i n t e g r a t e d ,  s tandard experimentjspacecraf t  i n t e r f a c e s  can be 
def ined  t o  s impl i fy  t h e  experiment design ana i n t e g r a t i o n  problems. The 
l a r g e r  s i z e  p e r m i t s  t he  use of higher  capac i ty  and more f l e x i b l e  d a t a  
systems and more p r e c i s e  a c t i v e  o r i e n t a t i o n  systems. Opera t iona l ' e f f i c i ency  
is h i g h e r ,  s ince  the  d a t a  from a la rge  number of experiments can be recorded 
and processed simiiltsneously. It is concluded t h a t  both types should con- 
t i n u e  t o  be used t o  meet the  var ied requirements of t he  space sc iences  
program. 
--- l NTRODUCTION 
The e a r t h  s a t e l l i t e s  p re sen t ly  being used f o r  space sc i ence  i n v e s t i -  
ga t ions  can be grouped i n t o  two broad classes. 
t i v e l y  small s a t e l l i t e  t y p i f i e d  by t h e  Explorer  series. 
the  Explorer ,  Vanguard, So la r  Radia t ion ,  I n j u n ,  Traac ,  S t a rad ,  L o f t i ,  
Rados ,  and I n t e r n a t i o n a l  Program ( A r i e l ,  A loue t t e ,  and San Marco) s a t e l l i t e s .  
The second c l a s s  c o n s i s t s  of t he  l a r g e r  obse rva to r i e s ,  and includes t h e  
Orbicing So la r  Observator ies  (OSO) , Orb i t ing  Geophysical Observator ies  
(OGO) and Orb i t ing  Astronomical Observa tor ies  (OAO). An Advanced Orb i t ing  
S o l a r  Observatory (AOSO? is a l s o  being developed. The r e l a t i v e  m e r i t s  of 
t he  two c l a s s e s  have been the  sub jec t  of many debates .  Th i s  paper i s  an 
attempt t o  summarize some of t h e  more s i g n i f i c a n t  advantages of each type.  
The f i r s t  i s  t h e  rela- 
I t  inc ludes  
An attempt t o  eva lua te  t h e  advantages of t he  two c l a s s e s  i s  espe- 
c i a l l y  t imely,  s ince  t h e  second and t h i r d  obse rva to r i e s  (OGO-I and OSO-11) 
have been launched, and i t  i s  becoming poss ib l e  t o  d i scuss  s t a t i s t i c a l l y  
s i g n i f i c a n t  a c t u a l  experience and performance. 
arguments, refezence w i l l  be made t o  seve ra l  s p e c i f i c  s a t e l l i t e s .  The 
In t e rp l ane ta ry  Monitoring P la t form (IMP-I, 1363-46~ ,  o r  Explorer  XVIII) 
t y p i f i e s  t he  small  Explorer c l a s s  s a t e l l i t e  b u i l t  w i th in  a NASA laboratory.  
A s a t e l l i t e  b u i l t  a t  another government labora tory  is  typ i f i ed  by the  Naval 
Research Laboratory So la r  Radiat ion s a t e l l i t e  ( 1964-01D). 
of Iowa In jun  s e r i e s  is the  only p re sen t ly  e x i s t i n g  s a t e l l i t e  series b u i l t  
To  i l l u s t r a t e  some of t he  
The Univers i ty  
e n t i r e l y  a t  a u n i v e r s i t y  labora tory ,  and w i l l  be represented by In jun  IV 
C 1964-76B). The observatory c l a s s  w i l l  be i l l u s t r a t e d  by OGO-I (1964-54A). 
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EEIGHT AND VOLUME CAPABILITY 
The Explorer  c l a s s  s a t e l l i t e  weights have ranged from 7 kg f o r  t he  
a h o s p h e r i c  drag  ba l loon  (Explorer  IX) t o  14 kg f o r  t he  e a r l y  e n e r g e t i c  
p a r t i c l e s  Explorers ,  to  184 kg f o r  the Atmospheric S t r u c t u r e s  Explorer  
XVII. 
The observa tory  weights have ranged from 208 kg f o r  OSO-I t o  488 kg f o r  
O G 3 - I .  
been t h e  primary l i m i t i n g  f a c t o r  when choosing t h e  experiments f o r  each 
spacec ra f t  mission because of launch veh ic l e  l i m i t a t i o n .  
ca r ry ing  c a p a b i l i t y  of t he  observa tor ies  becomes e s p e c i a l l y  s i g n i f i c a n t :  
Only t h r e e  have weighed more than 120 kg as is  shown i n  f i g u r e  1. 
The f i r s t  OAO w i l l  weigh about 1600 kg. Weight has h i s t o r i c a l l y  
The l a rge  weight 
1. 
2.  
i f  i nd iv idua l  experiments are very heavy 
i f  it is necessary t o  conduct a l a rge  number of exper i -  
ments a t  the  same pos i t i on  i n  space a t  the  same time t o  
c o r r e l a t e  var ious  space phenomena. 
Volume f o r  experiments has always been secondary i n  importance, and 
w i l l  probably cont inue t o  be so, except f o r  experiments r equ i r ing  l a r g e  
o p t i c a l  systems o r  ape r tu re s .  Presumably, these  l a rge  o p t i c a l ,  near  
o p t i c a l ,  and r ad io  astronomy experiments can be performed only on t h e  
l a r g e r  obse rva to r i e s .  
On t h e  o the r  hand, l a rge  weight and volume may be a l i a b i l i t y  f o r  
some experiments. 
t i c l e s ,  t he  l a r g e  mass of an observatory can c r e a t e  an unacceptable back- 
ground f l u x  of secondary p a r t i c l e s .  A l a rge  volume may complicate the  
outgassing problem, causing a l o c a l  contamination f o r  atmospheric and 
ionospheric experiments.  
When searching for r e l a t i v e l y  r a r e  elementary p a r -  
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ATTITUDE CONTROL 
Numerous experiments r e q u i r e  some form of a t t i t u d e  c o n t r o l .  Some of 
t hese  requirements can be m e t  on both s m a l l  and l a r g e  s p a c e c r a f t ,  whi le  
o t h e r s  are more f e a s i b l e  w i t h  one c l a s s  o r  t h e  o the r .  
There are many poss ib l e  types of a t t i t u d e  c o n t r o l ,  each having 
i n t e r e s t  f o r  c e r t a i n  c l a s s e s  of experiments. 
1. Non-oriented and random o r i e n t a t i o n .  Some experiments a r e  
intended t o  observe an i s o t r o p i c  f i e l d ,  and t h e r e f o r e  r e q u i r e  no o r i e n t a -  
t i o n .  I t  is poss ib l e  t o  perform some measurements of a non-isotropic  
f i e l d  i f  t he  instantaneous o r i e n t a t i o n  of t h e  non-oriented spacec ra f t  i s  
known. Other experiments may a c t u a l l y  p r e f e r  a random tumble t o  o b t a i n  
d a t a  s t a t i s t i c a l l y  in t eg ra t ed  over t h e  e n t i r e  sphere.  These missions 
a r e  best  performed by s m a l l  s a t e l l i t e s ,  s i n c e  a l l  sets of experiments 
flown on l a r g e r  obse rva to r i e s  w i l l  almost a lways  con ta in  sub-sets  which 
r equ i r e  o r i e n t a t  ion. I n  add i t ion  the  problems of providing adequate 
s o l a r  power and acquir ing d a t a  telernetered t o  the e a r t h  from tumbling 
spacec ra f t  would be more s e r i o u s  f o r  t he  l a r g e r  obse rva to r i e s ,  where 
higher  capaci ty  d a t a  systems are normally employed. 
2 .  S p i n  o r i e n t a t i o n .  Spin o r i e n t a t i o n  is  acceptable o r  
p re fe rab le  for many experiments, and is easy t o  achieve f o r  s m a l l  s a t e i -  
l i t e s ,  s ince  n o s t  of t he  smaller unguided f i n a l  rocket s t a g e s  r e q u i r e  
spinning f o r  s t a b i l i t y .  A sepa ra t e  s p i n  subsystem would have t o  be added 
f o r  the obse rva to r i e s .  
as demonstrated by the  a c t u a l  operat ion of OGO-I .  
Observatories can be made t o  s p i n  s a t i s f a c t o r i l y  
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3. E a r t h  o r i e n t a t i o n .  Ear th  o r i e n t a t i o n  is des i r ed  f o r  many 
s p a c e c r a f t  t o  permit use of high ga in  antennas f o r  high capac i ty  d a t a  
t ransmiss ion;  and some experiments r equ i r e  e a r t h  Or ien ta t ion  ( e i t h e r  
toward o r  away from the  e a r t h ) .  Some t echniques ,  such as g r a v i t y  
g r a d i e n t  s t a b i l i z a t i o n ,  can be used on e i t h e r  l a r g e  o r  small s a t e l l i t e s .  
O the r s ,  such as the  use of horizon scanners and a c t i v e  torquers  of 
v a r i o u s  types ,  r e q u i r e  use of t he  l a rge r  obse rva to r i e s  because of t h e i r  
complexity. Th i s  r e s u l t s  from the  f ac t  t h a t  a c t i v e  a t t i t u d e  con t ro l  
system weights do n o t ,  i n  gene ra l ,  s ca l e  l i n e a r l y  with t o t a l  spacec ra f t  
weights .  The smal les t  a c t i v e  e a r t h  o r i e n t a t i o n  system has a weight which 
is too  l a r g e  f o r  t h e  smaller s a t e l l i t e s .  
4. Mamet ic  f i e l d  o r i en ta t ion .  Alignment of sensors  a t  an 
angle  f ixed  r e l a t i v e  t o  t h e  l o c a l  magnetic f i e l d  i s  d e s i r a b l e  f o r  
c e r t a i n  c l a s s e s  of experiments designed tu i n v e s t i g a t e  the low energy 
particles whose motions are cont ro l led  by the  e a r t h ' s  magnetic f i e l d .  
Such experiments can be performed near t h e  e a r t h  most e a s i l y  on s m a l l  
sa te l l i tes ,  s i n c e  the  c o n t r o l l i n g  torques a r e  small  and can be produced 
d i r e c t l y  by the  magnetic f i e l d ,  3s was done on the  Znjun s a t e l l i t e s .  
I f  experiments of t h i s  type a r e  t o  be performed a t  higher a l t i t u d e s ,  where 
t h e  e a r t h ' s  f i e l d  is weaker, a c t i v e  a t t i t u d e  con t ro l  systems using sens i -  
t i v e  magnetic f i e l d  sensors  and ac t ive  torquing devices  would Alrces- 
s a ry .  The a c t i v e  system would probably r equ i r e  a l a r g e r  sa te l l i t e .  
Ac tua l ly ,  t hese  experiments can be performed a t  t he  cos t  of somewhat 
increased instrumentat ion and d a t a  processing complexity,  by appropr ia te  
sampling of scanning d e t e c t o r s ,  i f  t he  d i r e c t i o n  of t he  f i e l d  is 
measured concurrent ly .  
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5 .  Orien ta t ion  wi th  r e spec t  t o  t h e  d i r e c t i o n  of motion is . 
d e s i r a b l e  f o r  experiments which i n v e s t i g a t e  p a r t i c l e s  whose v e l o c i t i e s  
are lower than o r  comparable wi th  t h a t  of t h e  spacec ra f t .  Of course,  
some of t hese  experiments can be performed on spinning satel l i tes  of 
a l l  s i z e s  b y  t he  use of appropr i a t e  t i m e  sampling techniques But 
continuous o r i e n t a t i o n  of t he  sensors  along the  s a t e l l i t e  v e l o c i t y  
vec to r  or i n  the o r b i t a l  plane r equ i r e s  t h e  u s e  of an a c t i v e  o r i e n t a -  
t i o n  s y s t e m  i n  a l a r g e r  s a t e l l i t e .  
6 .  Sun o r i e n t a t i o n .  Sun o r i e n t a t i o n  is  d e s i r a b l e  t o  s impl i fy  
t h e  c o l l e c t i o n  of s o l a r  energy by s o l a r  c e l l s  o r  r e f l e c t o r s ,  and many 
experiments r equ i r e  s o l a r  o r i e n t a t i o n .  A few s o l a r  o r i e n t a t i o n  systems , 
such as a torqued s p i n  a x i s  s y s t e m ,  are s u i t a b l e  f o r  use on small sa te l -  
l i t e s .  And some s o l a r  experiments can be performed by c a r e f u l  timing of 
t h e  observations from a spinning s a t e l l i t e .  I t  i s  l i k e l y ,  however, t h a t  
s o l a r  experiments requir ing medium t o  high po in t ing  accuracy o r  s o l a r  
d i s c  scanning w i l l  continue t o  be located on the l a r g e r  observator ies  t o  
t ake  advantage of t h e i r  higher c a p a b i l i t y  o r i e n t a t i o n  sys t em.  
7 .  Celestial  i n e r t i a l  o r i e n t a t i o n .  Many astronomical expe r i -  
ments require  o r i e n t a t i o n  toward a f ixed  point  on the c e l e s t i a l  sphere,  
and a c a p a b i l i t y  f o r  moving t o  a new point between observat ions.  
s t a b i l i z e d  s m a l l  s a t e l l i t e s  a r e  acceptable f o r  some experiments r equ i r ing  
low point ing accuracy, for example, gamma ray astronomy, where the sources 
a r e  very weak and i n t e g r a t i o n  over a l a r g e  s o l i d  angle i s  necessary.  Most 
of t hese  experiments, however, r e q u i r e  an a c t i v e  o r i e n t a t i o n  s y s t e m  and, 
t he re fo re ,  the l a r g e r  obse rva to r i e s .  
Spin 
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8. Combinations of severa l  d i f f e r e n t  o r i e n t a t i o n  schemes l ead ,  
The OS0 is s p i n  i n  gene ra l ,  t o  g r e a t e r  complexity and l a r g e r  spacec ra f t .  
and sun o r i en ted .  The OGO employs e a r t h ,  sun,  and o r b i t  plane o r i e n t a -  
t i o n ,  while  OAO w i l l  conta in  a highly accura te  d i r e c t a b l e  c e l e s t i a l  
i n e r t i a l  system and a low accuracy sun o r i e n t a t i o n  system. 
I n  summary, pass ive  o r i e n t a t i o n  techniques a r e  use fu l  on small 
s a t e l l i t e s ,  and some of them a r e  b e t t e r  s u i t e d  t o  small satell i tes than 
l a rge  ones. 
f o r  use on s m a l l  s a t e l l i t e s .  
n e t i c  f i e l d  o r i e n t a t i o n  s y s t e m  on Injun. 
system requ i r e s  the  use of l a r g e r  observator ies .  
DATA HANDLING, STORAGE. AND TELEMETRY 
A few simple a c t i v e  systems a r e  being used o r  considered 
For example, Iowa has used an a c t i v e  mag- 
Any but  t h e  s imples t  a c t i v e  
As i n  t he  case of t he  a c t i v e  a t t i t u d e  con t ro l  systems, d a t a  handl ing,  
s t o r a g e ,  and t e l eme t ry  systems do  not s c a l e  l i n e a r l y  wi th  spacec ra f t  weight 
Doubling the  number of t i m e  mult iplexer  i npu t s ,  f o r  example, r equ i r e s  only 
one add i t iona l  s t a g e  i n  the  mdlt iplexer  counter .  I n  add i t ion ,  t he  capa- 
b i l i t y  of e l e c t r o n i c s  equipment increases  roughly with volume, o r  t he  
cube of l i n e a r  dimensions, while the conta iner  and o the r  s t r u c t u r a l  weight 
increases  more nea r ly  as the  sur face  a r e a ,  o r  t h e  square of l i n e a r  dimen- 
s ions .  Therefore ,  doubling t h e  da t a  handling system weight permits more 
than doubling the  number of funct ional  c i r c u i t s .  For these  reasons,  t he  
c a p a b i l i t y  of t h e  d a t a  system per  pound of experiments tends t o  be l a r g e r  
f o r  l a r g e r  spacec ra f t .  
Experiments i n  space a r e  designed t o  measure f i e l d s  which may be 
func t ions  of ti= and p o s i t i o n  from a loca t ion  which is, i n  t u r n ,  moving. 
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The a b i l i t y  t o  make a meaningful mapping of t h a t  f i e l d  depends almost I 
e n t i r e l y  on the  information bandwidth, assuming t h a t  adequate freedom 
i n  s e l e c t i o n  of sampling formats and t i m e s  e x i s t .  With present  d a t a  
systems, t h i s  freedom usua l ly  e x i s t s  i n  both l a r g e  and s m a l l  s a t e l l i t e s .  
To i l l u s t r a t e ,  f i g u r e  2 shows the  te lemetry format f o r  IMP-I and f i g u r e  3 
;,hows t h e  format f o r  the  main commutator i n  OG0’-I.  I n  add i t ion  t o  t h i s  
main commutator, OGO has a 128 word sub-commutator f o r  slowly varying 
measurements and a f l e x i b l e  format commutator f o r  a r e l a t i v e l y  few 
rap id ly  varying measurements. Both IMP arrd OGO are a b l e ,  by proper 
assignment o f  t h e  many te lemetry words t o  t h e  var ious  experiments,  t o  meet 
a very large runber o f  t he  sampling sequence needs. 
Thus, t h e  a b i l i t y  of an experiment tc e f f e c t i v e l y  map a f i e l d  
depends most d i r e c t l y  on the  information bandwidth ava i l ab le  f o r  t h a t  
experiment. Table 1 i s  a t abu la t ion  of the  bandwidth per  experiment and 
bandwidth p e r  un i t  experiment weight for seve ra l  r ep resen ta t ive  s a t e l l i t e s  
I t  can be seen t h a t ,  from the  s tandpoint  of t he  d a t a  system alone,  i t  i s  
present ly  poss ib le  t o  perform a more comprekecsivs and d e t a i l e d  mapping 
of a praperty of spsce on t he  l a r g e r  spacec ra f t .  
POWER 
The t o t a l  amomt of s o l a r  power obtained on a s a t e l l i t e  i s  not  a 
s t rong  function o f  s a t e l l i t e  s i z e .  Power ava i l ab le  from an a r r ay  i s  very 
nea r ly  a l i n e a r  funct ion of both a r r ay  area and weight.  
s a t e l l i t e s  requi re  more area t o  obta in  a given power because the  s-m does 
not always i l lumina te  the  a r r ay  normally On the  o the r  hand, the  l a rge  
a c t i v e l y  or ien ted  s a t e l l i t e s  r equ i r e  e l e c t r i c a l  power t o  keep the  arrays 
Non-oriented 
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d i r e c t e d  toward the  sun. Table I1 shows t h e  power a v a i l a b l e  t o  experi-  
ments i n  t h e  four  r ep resen ta t ive  s p a c e c r a f t .  
Since power f o r  long per iods of ope ra t ion  has always been expen- 
s i v e  i n  terms of spacec ra f t  weight,  considerable  e f f o r t  has been expended 
t o  design e l e c t r o n i c  c i r c u i t s  t o  ope ra t e  on very low power. The same 
iechniques have been employed on sa te l l i t es  of a l l  s i z e s .  
TABLE 21 
Experiment Power on Representat ive Spacecraf t  
Spacecraf t  T o t a l  Spaceczaft  ExperimenL Power per  
I d e n t i f i c a t i o n  Power (Watts) Power ( W )  Experiment (W )- 
1965-76B, Injun IV 5.97 2.89 0.482 
1964-01D, S . R .  3 ”  39 1.89 0.315 
19 63-46A, IMP -I 38.0 9.68 1.38 
2964-54A, OC-0-’, 260.0 50.0 2.40 
Power per  Ex- 
periment Weight 
(W P e r  kg;) 
0.344 
0.174 
0.601 
0.690 
INTERFERENCE TO ELDERTMENTS 
Many experiments a r e  suscep t ib l e  t o  i n t e r f e r e n c e  from o the r  experi-  
ments and from the spacec ra f t .  Th i s  includes i n t e r f e r e n c e  i n  many forms, 
such as e l e c t r i c a l  i n t e r f e rence  from o s c i l l a t i o n s  and t r a n s i e n t s  i n  
operating systems, magnetic i n t e r f e r e n c e  from ferromagnetic materials 
and e l e c t r i c a l  cu r ren t  loops,  mechanical i n t e r f e r e n c e  from moving nzasses, 
radioact ive in t e r f e rence  from c a l i b r a t i n g  sources ,  p a r t i c l e  i n t e r f e r e n c e  
from secondary i n t e r a c t i o n s  of cosmic r a y s  i n  the mass of the  s p a c e c r a f t ,  
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and i n t e r f e r e n c e  from t h e  gases  released from t h e  spacec ra f t .  Obviously, 
t h e  smaller t h e  spacec ra f t  and t h e  fewer t h e  experiments,  t h e  more 
manageable is t h e  i n t e r f e r e n c e  problem. I n t e r f e r e n c e  i s  combated on 
t h e  l a r g e r  obse rva to r i e s  where many d ive r se  experiments are c a r r i e d  by 
t h e  use of booms t o  i s o l a t e  d e t e c t o r s  from t h e  rest of t h e  observatory,  
and by c a r e f u l  i n t e r f e r e n c e  engineering and con t ro l .  With g r e a t  care, 
t h e  i n t e r f e r e n c e  l e v e l s  on t h e  l a r g e r  obse rva to r i e s  can be made accept- 
ab le  f o r  a l a r g e  number of experiments. Some of t h e  most s e n s i t i v e  ones,  
however, may have t o  be performed on s p e c i a l  s m a l l  sa te l l i tes .  
PROGRAM COORDINATION AND EASE OF INTEGRATION 
Small s a t e l l i t e s  are p r e s e n t l y  e a s i e r  t o  coordinate  and i n t e g r a t e ,  
p r imar i ly  because of t he  smaller number of i nd iv idua l s  involved. The 
amount of t h i s  e f f o r t  which experimenters are obliged t o  perform varies 
considerably,  and is influenced s t rongly by t h e  q u a l i t y  of t h e  design 
and s p e c i f i c a t i o n  of t he  e l e c t r i c a l ,  mechanical, and thermal i n t e r f a c e s  
between the  experiments and spacecraf t .  
f aces  between t h e  ope ra t ions  and d a t a  processing groups and the  experi-  
menters. Standardizat ion and c a r e f u l  s p e c i f i c a t i o n  of t hese  i n t e r f a c e s  
before  experiment design begins g r e a t l y  s i m p l i f i e s  t h e  coordinat ion,  
i n t e g r a t i o n ,  and ope ra t ions  e f f o r t s .  I n  p r i n c i p l e ,  t h e  s tandard observa- 
t o r y  concept could lead t o  a s i g n i f i c a n t  reduct ion i n  t h e  l i a i s o n  require-  
ments, s i n c e  the  same observatory and ope ra t iona l  systems are used re- 
peatedly,  pe rmi t t i ng  c a r e f u l  s p e c i f i c a t i o n  and development of f a m i l i a r i t y  
with t h e  system by t h e  experimenters. The smaller spacec ra f t  are unable 
t o  achieve t h i s  goal because of the  continuing pressure t o  s p e c i a l i z e  the  
I t  i s  a l s o  a f f e c t e d  by the  i n t e r -  
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spacecraf t  t o  b e t t e r  meet the  needs of t h e  experiments. I t  is  common 
on these spacec ra f t  t o  design t h e  experiments,  s p a c e c r a f t ,  and d a t a  
processing systems concurrent ly ,  so t h a t  t h e  i n t e r f a c e s  evolve i n  t h e  
process of t h e  work. Th i s  leads t o  a s i g n i f i c a n t  amount of a d d i t i o n a l  
l i a i s o n  e f f o r t .  
This advantage of t he  l a r g e r  obse rva to r i e s  i s  more o r  less o f f s e t  by 
t h e  f ac t  t h a t  they involve much l a r g e r  numbers of personnel.  Th i s  tends 
t o  lead toward a breakdown of t he  personal  working r e l a t i o n s h i p s  and a 
g r e a t e r  formalizat ion of t he  l i a i s o n .  R e a l i z a t i o n  of t h e  advantage 
out l ined above f o r  t he  obse rva to r i e s  depends on the  degree t o  which a 
personal ,  informal working r e l a t i o n s h i p  can be e s t a b l i s h e d  between t h e  
experimenters and i n t e g r a t i o n  and operat ions groups, while maintaining 
t h e  coordination necessary t o  ensure t h a t  t he  s c i e n t i f i c  o b j e c t i v e s  of 
any one experiment a r e  not jeopardized by o the r  experiments o r  t h e  
spacecraf t  . 
The degree of involvement of the experimenter can l i e  anywhere 
between two extremes. I n  the  f i r s t ,  t h a t  of an experimenter who com- 
p l e t e l y  des igns ,  b u i l d s ,  t e s t s ,  i n t e g r a t e s ,  and launches h i s  own experi-  
ments, these e f f o r t s  are performed wi th in  h i s  own organizat ion by personnel 
under h i s  d i r e c t  con t ro l .  Th i s  condi t ion is  approached i n  t h e  conduct 
of many bal loon and sounding rocket programs. I n  the  o the r  extreme, t he  
experimenter designs h i s  experiment according t o  a c a r e f u l l y  w r i t t e n  s e t  
of i n t e r f ace  s p e c i f i c a t i o n s ,  d e l i v e r s  i t  t o  an i n t e g r a t i o n  crew a t  a 
c e n t r a l  l abo ra to ry ,  and appears t h e r e  occasional ly  t o  check the  c a l i b r a -  
t i o n .  
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Operation a f t e r  the launch can be  divided i n t o  t w o  s i m i l a r  extremes. 
I n  t h e  former, t he  experimenter operates  h i s  own rece ive r s  and o t h e r  
ground equipment and carries h i s  f l i g h t  records t o  h i s  own a n a l y s i s  group 
( o r  analyzes then  c o q l e t e l y  himself) .  I n  the  l a t t e r ,  a ground system 
i s  e s t a b l i s h e d  and operated by a central l abora to ry ,  and t h e  raw d a t a  are 
de l ive red  t o  t h e  experimenters i n  d i r e c t l y  usable  form. 
Most a c t u a l  sa te l l i t e  programs f a l l  somewhere between these  two 
extremes, and a considerable  amount of l i a i s o n  between the experimenters 
and o t h e r  groups i s  necessary. 
v a r i o u s  experimenters depends t o  some ex ten t  on those ind iv idua l s '  per- 
s o n a l i t i e s  and t h e  ex ten t  of t h e i r  other r e s p o n s i b i l i t i e s .  Advantages 
are o f t e n  c i t e d  f o r  both extremes. The advocates of t h e  completely s e l f -  
contained ope ra t ion  f e e l  t h a t  they can d i r e c t l y  inf luence a l l  a spec t s  
of t h e  p r o j e c t ,  and are less subject  t o  t h e  whims and shortcomings of a 
l a r g e  number of s t r a n g e r s  o r  near s t r ange r s .  I n  a d d i t i o n ,  many of t h e  
experimenters located a t  u n i v e r s i t i e s  f e e l  i t  d e s i r a b l e  t o  have t h e i r  
s t u d e n t s  become in t ima te ly  f a m i l i a r  by d i r e c t  experience with many 
d i f f e r e c t  a spec t s  of t h e i r  projects, including t h e  pre-launch i n t e g r a t i o n  
and t e s t i n g  and i n - f l i g h t  operations.  
The arrangement which i s  p re fe r r ed  by 
The advocates of t he  c e n t r a l  i n t eg ra t ion ,  t e s t i n g ,  launching, and 
ope ra t ions  f a c i l i t y ,  f e e l  t h a t  they have more time for t h e i r  primary 
i n t e r e s t ,  t he  development of new experiments and a n a l y s i s  of t h e i r  d a t a .  
They f e e l  t h a t  they are ab le  t o  conduct a l a r g e r  number of experiments 
and de r ive  more r e s u l t s  pe r  un i t  time than experimenters who concern 
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themselves with a l l  of t he  t echn ica l  d e t a i l s  of t he  spacec ra f t  subsystems, 
ground receiving s t a t i o n s ,  e t c .  Since t h e s e  two d i f f e r e n t  approaches s t e m  
from strongly f e l t  genuine d i f f e r e n c e s  of opinion on t h e  p a r t s  of t h e  
memhers of  t he  s c i e n t i f i c  community, i t  is  doubtful  whether a s i n g l e  
method O €  opera t ing  s a t e l l i t e  programs can o r  should ever  be found. 
s e n t l y  t h e r e  seems t o  be a continued acceptance of both general  methods 
of  operat ion as evidencaj by t h e  r ecen t  approval of t h e  u n i v e r s i t y  small  
s a t e l l i t e  program on the  one hand and t h e  continued scheduling of t h e  
l a r g e  observator ies  on t h ?  o t h s r  . 
ORBITAL REQUIRENENTS 
Pre- 
The s m a l l  s a t e l l i t e  o f f e r s  a d e f i n i t e  advantage i n  meeting t h e  r e -  
quirements of the experiments f o r  s p e c i f i c  i nd iv idua l  o r b i t s .  A s a t e l -  
l i t e  containing a s i n g l e  experiment can be launched i n t o  an optimum 
o r b i t  f o r  t h a t  experiment. A l a rge  observatory carrying many experi-  
ments must be launched i n t o  an o r b i t  which b e s t  meets the needs of as 
many experiments as poss ib l e .  I t  w i l l ,  i n  gene ra l ,  bE optimum f o r  less 
than the e n t i r e  s e t  of experiments. I n  the  l i m i t ,  as the riumber of 
spacecraf t  per year became very l a r g e ,  t h i s  d i s t i n c t i o n  would d i sappea r ,  
s i n c e  large numbers of experiments would r e q u i r e  the same o r b i t .  It 
is  doubtful whether t h i s  condi t ion w i l l  ever be reached. I t  i s  t r u e ,  
however, t h a t  t h e r c  are now s u f f i c i e n t l y  l a r g e  numbers of experiments 
requir ing roughly similar o r b i t s  t o  j u s t i f y  the  use of multi-experiment 
observator ies .  3 u t  i t  is  a l s o  t r u e  t h a t  small s a t e l l i t e s  a r e  necessary f o r  
some experiments r equ i r ing  spec ia l i zed  o r b i t s .  
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UTILIZATION OF GROUND FACILITIES 
The ground f a c i l i t i e s ,  including t racking  and d a t a  a c q u i s i t i o n  
stations, con t ro l  c e n t e r s ,  o r b i t a l  computation f a c i l i t i e s ,  and conrmuni- 
c a t i o n s  and d a t a  r e l a y  l i n k s  san  be used more e f f i c i e n t l y  f o r  l a r g e r  
obse rva to r i e s .  
t o  acqui re  d a t a  from a number of small satellites than from a single 
l a r g e  one conta in ing  t h e  same experiments. 
and o r b i t  computation. I n  f a c t ,  i t  may be e a s i e r  t o  compute an accura te  
o r b i t  f o r  a s i n g l e  l a r g e  sa te l l i t e  than f o r  a s i n g l e  small one, s i n c e  
t h e  l a r g e  one can include higher  powered and higher  performance t racking  
beacons and t ransponders .  The control  cen te r  and communications l i n k s  
can be operated for a l a r g e  observatory wi th  less expendi ture  of 
resources  than  f o r  an equivalent  number of small satell i tes,  assuming 
they have comparable connnand and other ope ra t iona l  c a p a b i l i t i e s .  
It requ i r e s  considerably more equipment and personnel 
The same holds f o r  t r ack ing  
The d a t a  processing f a c i l i t y  u t i l i z a t i o n  is not q u i t e  as s t r a i g h t -  
forward. It may be argued t h a t  t h e  d a t a  processing rate would depend 
only on the  te lemetered b i t  r a t e ,  i n  which case  a ranking i n  terms of 
s a t e l l i t e  c l a s s  would not be meaningful. But t h i s  neg lec t s  e d i t i n g ,  
t ape  eva lua t ion ,  and computer loading times, which a r e  more nea r ly  
propor t iona l  t o  the  number of d a t a  acqu i s i t i on  s t a t i o n  recordings than t o  
t h e  number of te lemetered d a t a  b i t s .  Therefore ,  t he  obse rva to r i e s  w i th  
t h e i r  high d a t a  rates a l s o  o f f e r  an advantage i n  the  u t i l i z a t i o n  of 
t he  d a t a  processing f a c i l i t i e s .  
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RELIABILITY 
The e l e c t r o n i c  subsystems complexity is higher f o r  l a r g e  observa- 
t o r i e s  than f o r  small s a t e l l i t e s .  Thus, i t  might seem t h a t  a s m a l l  
s a t e l l i t e  would operate  longer than an observatory.  And i t  might appear 
l i k e l y  that  more d a t a  would be obtained before  f a i l u r e  from a number of 
s m a l l  s a t e l l i t e s  than from the  same number of experiments i n  an observa- 
tcry. T h i s  seeming advantage of the  small s a t e l l i t e s  i s  o f f s e t  by s e v e r a l  
factors. 
1. The more complex observatory subsystems can be divided 
i z r s  2;::;aZly o r  cornpletely redundant subsystems, such t h a t  a l a r g e  
f r a c t i o n  of the goals  can be achieved even i f  a number of f a i l u r e s  occurs.  
2 .  A l a rge r  observatory can c a r r y  a l a r g e  c a p a b i l i t y  command 
system, allowing tk.e c o r r e c t i o n  of many problems as they occur. 
3 .  Since an observatory is not t a i l o r e d  t o  each load of 
experiments t o  as l a r g e  a degree as the s m a l l  s a t e l l i t e s , i t s  subsystems 
can be used repeatedly without ess2nt i a l  modif icat ion.  The r e l i a b i l i t y  
of a system increases  as i t  evolves through a long use h i s t o r y ,  as weak- 
nes s s s  are corrected and a s  production, t e s t i n g ,  and ope ra t iona l  personnel 
become more  f a m i l i a r  w i th  i t .  
&. Since the  observatory sys t ems  a r e  designed f o r  repeated use,  
more e f f o r t  can be expended per  u n i t  complexity i n  t h e i r  development. 
These f a c t o r s  a c t  i n  such  a manner t h a t  t h e r e  i s  no c l e a r - c u t  
r e l i a b i l i t y  d i f l e r e n - e  a t  present  between individual  small and l a rge  
observatoi ies .  There i s  some i n d i c a t i o n ,  however, t h a t  the obse rva to r i e s  
may emerge as t h e  mors r e l i a b l e  of t he  two. This i s  based p r i r n a r i l y  on a 
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comparison of OGO-I w i t h  t h e  Explorer sa te l l i tes .  Table I11 lists the  
comparative r e l i a b i l i t y  d a t a  f o r  OW-I and Explorer X I 1  whose performance 
is t y p i c a l  of t h e  small satel l i te  c l a s s .  
Table I11 
R e l i a b i l i t y  Comparison 
No of Equivalent P a r t s  
SaLel l  i t e  E xc lud ing I nc lud ing 
I d e n t i f i c a t i o n  Experiments E xper imen t s 
1961 - Y1,  Exp.XI.1 2,900 6,400 
1954 - 54A, 020-1 16,600 36,600 
Useful 
L i f e  
(days) 
.212 
201* 
*As of 1 May 1965 and s t i l l  operating. 
I n  Table 111, t h e  equivalent  number of p a r t s  r ep resen t s  a p a r t s  count 
which has been adjusted f o r  redundancy. Useful l i f e  r e p r e s e n t s  t he  
t i m e  period w i t h i n  which t h e  s a t e l l i t e s  have provided s i g n i f i c a n t  scien-  
t i f i c  information. It is i n t e r e s t i n g  t o  note t h a t  OGO-I has  experienced 
f a i l u r e  of two booms t o  deploy, f a i l u r e  t o  t r a c k  t h e  e a r t h  and sun 5e- 
cause of t h e  boom f a i l u r e ,  f a i l u r e  of one of t he  two data handling 
systems, and c e s s a t i o n  of o s c i l l a t i o n  of  an i n v e r t e r  (subsequently re- 
s t a r t e d ) ,  but t h a t  i t  continues t o  r e t u r n  l a r g e  volumes of s c i e n t i f i c a l l y  
s i g n i f i c a n t  d a t a .  
system redundancy and t o  t h e  use of t h e  high capac i ty  r ad io  comand s y s t e m  
which has permitted a t  least p a r t i a l  compensation f o r  many of t h e  f a i l u r e s .  
Th i s  is a t t r i b u t e d  d i r e c t l y  t o  the l a r g e  amount of 
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CONCLUSIONS 
The discussions above have ind ica t ed  t h a t  each of t he  two main 
c l a s s e s  of s c i e n t i f i c  e a r t h  s a t e l l i t e s  has d i s t i n c t  advantages. These 
a r e  summarized i n  Table IV. A cross i n  one column i n d i c a t e s  t h a t  t h a t  
s a t e l l i t e  c l a s s  gene ra l ly  has an advantage i n  t h e  category l i s t e d .  Where 
n e i t h e r  c l a s s  has a c l e a r  advantage, a dash is  shown. Question marks i n d i -  
c a t e  t h a t  i n s u f f i c i e n t  information e x i s t s  t o  properly eva lua te  the  category. 
Table IV 
Category 
1. A b i l i t v  t o  ?aui:c.h l a rge  OT hesvy 
experiinents, o r  aany r e l a t z d  experiments 
2 ApylFcabi l i ty  of sirnple o r i e n t a t i o n  
technique 5 
3 .  A p p l i c a b i l i t y  of high c a p a b i l i t y  
a c t i v e  o r i e n t a t i o n  techniques 
4 .  Informatian r a t e  
5 .  A v a i l a b i l i t y  of e l e c t r i c a l  power 
6 .  Experiment interfrr2n:e 
7 .  Esse of i n t eg ra t ion  
8. Program coordinat ior!, t e s t i n g  , schedul ing 
9 .  A b i l i t y  t o  meet o r b i t a l  requirements of 
a i i  experiments 
10. I J t i l i z a t i o n  of ground f a c i l i t i e s  
Small Large 
S a t ?  l l i t e  Observatory 
X 
X 
7 
X 
X 
X 
X 
? 
X 
? 11. R e l i a b i l i t y  ? 
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It  is  therefore obvious that the long range space science program 
w i l l  continue t o  require the use of both the small s a t e l l i t e s  and large 
observatories i n  order to  meet the needs of the large var iety  of experi- 
ments and researchers. 
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FIGURE CAPTIONS 
Figure 1. The number of small scientific satellites successfully launched 
as a function of weight. All space science earth orbiting 
satellites launched to the end of 1964 are included for which 
weights were announced. Vanguard I.and six TRS satellites, 
each weighing less than 2.5 kg, are included although they 
are not normally included in the Explorer class. 
navigation, and weather satellites are not included. 
Communication, 
Figure 2. The IMP-T (Explorer XVITI) PFM telemetry data format. This 
system is a modified tone burst-blank system in which the 
tone frequency contains the information. One burst-blank 
period (0 .32 s e c )  makes one channel. Sixteen channels 
(5.12 sec) makes one frame. Sixteen frames (81.92 sec) makes 
one sequence. The tone burst is normally used to send digital 
information (8 quantizing levels or 3 binary bits per burst) 
or  analog samples (1% accuracy). In six of the frames the blanks 
are eliminated so that analog quantities can be transmitted 
continuously for 4,80 second periods. 
Figure 3 .  The OGO-T main frame PCM telemetry data format. The number 
in the upper left hand corner of each box denotes the word 
number. The number in the center of the box designates the 
E O - I  experiment number using that word. 
some experiment numbers indicates whether the analog or digital 
The letter following 
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FIGURE CAPTIONS (continued) 
option was chosen. Nine binary b i t s  mike one word. A t o t a l  
of 128 words makes one frame. And 128 frames (128 sub- 
commutator words) make one sequence. 
8000, or 64.000 b i t s  per  second (1, 8 ,  or 64 sequences 
per 0.868 second). 
B i t  ra te s  are 1000, 
21 
0 
(D 
0 * 
0 
N 
0 
CHANNEL NUMBER 
SUN PERIOD 
EARTH CENTER 
FLUX GATE A ( G S F C )  
E ( GSFC)  ION CHAMEER,(UNIV. OF CALIF) SPACECRAFT CLOCK 
1 c I I I 12 110 - f3 S ‘  I r 
I I I  
/ / I  
i l l  
I l l  
PLASMA PROBE A 
PLASMA PROBE B 
?LUX GATE B 
NOTES : 
-0, DIGITAL SCALER IDENTIFICATION -I DIGITAL BURST PER CHANNEL 
@?iZZi@ ANALOG READ OUT-COKTINUOUS 4.00 SECOND BURST 
P, -PERFORMANCE PARAMETER IDENTIFICATION- I ANALOG SAMPLE PER CHANNEL 
S o  -SYNC OSC. 4.5 /16  K C  
DIGITAL BURSTS ( 3  BITS) TAKE 0.16 SEC FOLLOWING A 0.16 SEC B L A N K  
ANALOG SAMPLES TAKE 0.16 SEC FOLLOWING A 0.16 SEC BLANK 
SYNC CHANNEL BURSTS TAKE 0 . 2 4 S E C  FOLLOWING A 0.08 SEC BLANK 
i MP - I TELEMETRY FORMAT 
FIGURE 2 
0 
LL 
c;’ 
0 
(3 
0 
W 
0 
>- 
-I 
z 
0 
W 
0 
J 
z 
a 
a 
a 
a Z 
K 
0 
